SPECIFICATION 



TITLE OF THE INVENTION 
AN T I G AN C E R AGENT 

TECHNICAL FIELD 

[0001] 

The present invention relates to an anticancer agent, 
and particularly relates to an anticancer agent containing 
a cat en a ne compound as an active Ingredient thereof. 

BACKGROU ND OF THE INVENTION 

[0002] 

The average lifespan in Japan has increased by ten or 
more years compared to thirty years ago, and a major reason 
for this increase is considered to be the development of 
numerous drugs for treating stroke and heart disease, 
which have been the leading causes of death. However, as 
stroke and heart disease decline as leading causes of death, 
deaths due to cancers (malignant neoplasms) increase each 
year. Cancer is currently the leading cause of death in 
Japan, and development of anticancer agents is therefore 
being pursued by a large number of researchers. 
[0003] 

Because most anticancer agents work only after being 
absorbed into a cancer cell, drugs having low molecular 
weights and stable structures that can be easily 

incorporated via a receptor have been considered ef fective 
in the past. 



WASH12X3 & ASSOCIATES (X0 X0400 1 FCT/U S) 



SUMMARY OF THE INVENT ION 

[ 00 0 4 ] 

However, anticancer agents that are easily absorbed 
via a receptor are also often easily excreted from the cell, 
and. therefore suffer from the drawback of poor retention 
in the cancer cell. Once a canoer cell has excreted an 
anticancer agent, the cell becomes resistant to that 
a n t i c a n c e r a g e n t , a n d the a n t i, c a n c e r a g e n t b e c cm e s 
ine f f ect ive, 
[ 0 0 0 5 "j 

Because anticancer agents that are easily absorbed via 
a receptor are also easily incorporated into normal cells, 
topical treatment Is difficult and side effects easily 
occur . 
[0006 j 

Therefore, an object of the present invention is to 
provide a novel anticancer agent that is difficult for a 
cancer cell to excrete* 
[0007] 

Another object of the present invention is to provide 
a novel anticancer agent that is suitable for topical 
treat me n t o f c a n c e r c e 1 1 s . 
[0008] 

The inventor focused attention on unique polymer 
compound devoid of a covalently bonded moiety (see 
Japanese Patent Laid Open No. HI 1-80136) , such as catenane 
or rotaxane, as a compo u.nd not easily excreted f rom a cancer 

cell. This type of unique polymer compound has a 
relatively large molecular weight and readily def ormable 
molecules* This polymer is therefore considered to be 
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difficult to excrete once it has been incorporated into 
the cancer cell. Since this type of unique polymer 
compound is naturally difficult for a cell to absorb, it 
becomes possible to dramatically reduce the effect of this 
5 compound on normal ceils if the compound can be topically 

applied to cancer cells, 
[0009] 

As a result of concentrated investigation from this 
perspective, the inventor discovered that a certain. 
10 catenane compound has anticancer effects. 

[0010] 

Specifically, the anticancer agent according to the 
present invention is characterized in comprising as an 
active ingredient a catenane compound indicated by the 
15 chemical formula (1) below. 




{ T ) 



[0011] 

This catenane compound is a type of compound referred 
to as an amide-type [2] catenane, and is formally referred 
20 to as 3 ,11, 18 , 2 6~ tet raa zapent acyclo 

[26.2.2.213, 16.15,9.120,24] hexatriaconta-5 , 7 , 9(36} ,13, 
15, 20, 22, 24 (33) , 28 , 30, 34 -dodecaene- 4 , 10, 19, 2 5 -tet rone 
(9C1) . As indicated by the chemical formula (I) above, 
this catenane compound has a structure in which two 
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molecular rings are linked like a chain, and these two 
molecular rings are not bonded to each other by co.valent 
bonding. The molecule therefore changes shape easily, and 
incorporation of. the molecule via a receptor becomes 
relatively difficult, but it was learned that once this 
compound is introduced into a cancer cell, the 
proliferation of cancer cells is inhibited, 
[0012} 

The preferred method for introducing this catenane 
compound into a cancer cell involves making a hole in the 
cell membrane of the cancer cell and introducing the 
compound into the cell through this hole.. Elect roporat ion 
may be used as the method for creating a hole in the cell 
membrane. Since the abovement i oned catenane compound can 
be locally introduced when elect roporat ion is used, the 
quantity in which the compound is incorporated into normal 
cells can be kept extremely low.: As a result, it becomes 
possible to alleviate side effects and other strains on 
the patient. 
[0013] 

At present, the catenane compounds for which 
anticancer effects have been verified by the inventor 
include only the catenane compound indicated by the 
chemical formula (I) above. However, considering that 
catenane compounds in general are characteristically 
difficult to incorporate into a ceil, and are not easily 
excreted once incorporated into the cell, catenane 
compounds having anticancer effects other than the 
catenane compound indicated by the abovement i oned 
chemical formula (I) are predicted to exist. Rotaxane 
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compounds having anticancer effects are also predicted to 
^5 i t * 
[00 14 ] 

It thus becomes possible by the present invention to 
5 provide an anticancer agent that is difficult for a cancer 

cell to excrete, and that is suitable for topical 
t reatmen t . 



BRIEF DESCR IP TIO N OF THE DRAWINGS 
10 FIG. 1 is a graph showing the evaluation results for 

samples 1 through 4 . 
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DETAILED DESCRIPTION OF THE EMBODIMENTS 



[0015] 



Preferred embodiments of the present invention will 
now be described hereinafter. 
[0016] 

The anticancer agent according to the present 
invention contains as an active ingredient a ca ten an e 
compound indicated by the chemical formula (I) below. 




♦ • 



( I ) 



The method for synthesizing this catenane compound is not 
particularly limited, but this compound can be synthesized 
by reacting i soph thalo y 1 dich lor ide and p-xylylene 
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di amine . 
[0017] 

The catenane compound obtained in this manner is 
soluble in dimethyl sulfoxide (DMSO) and other solvents, 
and can therefore be used in solution as an anticancer agent . 
The catena ne concentration in the solution is not 
particularly limited, but is preferably 300 pg/mL or 
greater.. This is because although inhibiting effects on 
proliferation of cancer ceils are obtained even when the 
catenane concentration in the solution is less than 300 
p.g/mL, these effects become prominent when the 
concentration is 300 ug/mL or greater. 
[0018 ] 

The two molecular rings forming the catenane compound 
are not covalently bonded, and therefore easily change 
shape and are relatively difficult to incorporate via a 
receptor. Therefore, it is preferred that a hole be opened 
in the cell membrane of the cancer ceil using an 
elect roporat ion method in order to introduce this catenane 
compound into the cancer cell. The voltage waveform in 
this case is preferably that of a DC pulse, the pulse 
voltage is preferably about 100 V, and the pulse period 
is preferably about 10 msec. 
[0019] 

Since the cancer cell cannot easily excrete this 
catenane compound once it is incorporated into the cancer 
cell by elect roporat ion or another method/ not only can 
the catenane compound be utilized over a long period of 
Lime, but resistance to the catenane compound is extremely 
difficult to develop. 

WASHIZU & ASSOCIATES (X0104001FCT/US) 



EXAMPLES 

[0.0.2 0] 

Examples of the present invention will next be 
described . 
[0021] 

[Gel 1 S amp 1 i n g ] 
[0 022 ] 

Firsts mouse c o 1 o n~2 6 cells (colon cancer cells) were 
attached to the inner wall of a culture flask. 
[0023] 

The culture flask was then set so that the surface to 
which the cancer cells were attached was on the bottom, 
a medium ( RPMI , 8 mi) not containing blood serum was caused 
to flow into the culture flask, the cancer cells were 
cultured successively for approximately one week, and the 
cells were brought into a state of sufficient adhesion 

(confluent state) . The medium in the culture flask was 
then discarded/ and the inside of the culture flask was 
further rinsed with a medium ( RPMI , 5 mL) not containing 
blood serum. Nearly all of the cells not adhering to the 
inner wall of the culture flask were thereby discarded, 
and only those cells which proliferated while attached to 
the inner wall remained. 

[0024] 

A tryps in-con tain ing solution of EDTA (ethylene 
diamine tetraacetate) in the amount of 5 mL was then placed 
in the culture f .1 ask, and the cells deposited on the inner 
wall were separated, from the wail, after which the entire 
contents of the flask were transferred to a culture tube. 
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The inside of the culture flask was also rinsed with a 
modi u m ( R P M I f 5 rnL ) c o n t a i n i n g b loo d s e r uin i n o r d e r t o 
ne u t r a 1 1 z e t h e t r y p s i n , a n d t h e e n t i r e c o n t e n t s o f t h e 
flask were transferred to a culture tube. 
| 0 02 5 } 

This culture tube was then Cent r ,1 f uged (1000 rpm, 5 
minutes) , after which the supernatant f iuid was discarded, 
and a suspension was formed in a "medium ( R PMI , 10 m.L) 
containing blood serum. A liquid suspension was thereby 
obtained as a bulk sample. 
[0026] 

[ E 1 e c t r op or a tion op e r a t ion] 
[002 7] 

An 800-uL sample (sample 1) composed of 72 0 jaL of the 
abovemen t i oned suspension and 8 0 p.L of DM SO was created, 
and the sample was placed in a cuvette having a pair of 
elect rodes . 
[0028 ] 

Another 800-pL sample (sample 2) was prepared from 720 
p.L of the abo vement i oned suspension and 80 pL of a DMSO 
solution having a conce.n t ration of 60 pg/mL of the catenane 
indicated by chemical formula (I), and this sample was 
placed in a separate cuvette, 
[0029] 

Another 3 0 0-uL sample (sample 3) was prepared from 720 

\x L of t h e a b o v e m e n 1 1 o n e d sus p en s i o n a n d 8 0 [i L o f a DM S 0 

solution having a concentration of 105 jag/mL of the 

catenane indicated by chemical formula (I), and this 
s a mp 1 e w a s p X a c e d .1 n ano t h e r c u v e 1 1 e < 

[0030] 
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Another 800-pL sample (sample 4) was prepared from 720 
pL of the abovementi oned suspension and 8 0 yxL of a DM SO 
solution having a concentration of 300 jag/mL of the 
catenane indicated by chemical f ormula ( I ) , and this 
5 sample was placed in another cuvette. 

[0031] 

A DC pulse (pulse voltage: 104 to 108 V; pulse period: 
9 to 11 msec) was then applied to the electrodes of the 
cuvettes containing the samples 1 through 4, and 
10 elect roporat ion was performed. 
[0032] 

After elect roporat ion was completed, the samples 1 
through 4 were each transferred to 1 5 -ml. culture tubes 
having a serum-containing medium ( RPMI , 5 mL } , and the 
15 contents of the culture tubes were centrif uged (1000 rpm, 

5 minutes) , after which the supernatant fluid was 
discarded, and a suspension was formed, in a medium (RPMI., 
3 mL) containing blood serum. 
[00 33] 

20 [Sample evaluation] 

[0034] 

After rinsing with a medium (RPMI, 500 \iL) not 
containing blood serum, four sets of 24 wells were prepared 
containing a serum-containing medium (RPMI, 500 \xh) , 40 
25 pL each of the samples 1 through 4 for which eiectroporation 

was performed were transferred to the corresponding 24 
wells, and the cells were cultured for three days. 
[0035] 

After cult uring , the cells in each well were stained 
30 by a trypan blue staining method, and the cell count was 
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taken under a microscope. The results thereof are shown 
in FIG. 1. As shown in FIG. 1, the cell count after 
cultuxing was inversely proportional to the catenane 
concentration^ and inhibiting effects on cancer cell 
proliferation were thereby confirmed for the catenane 
indicated by the chemical formula (I) . Particularly in 
the sample 4 in which the catenane concentration was 300 
p.g /iriL , the cell count was reduced to 1/3 that of the 
catena.ne-f.ree sample 1 , and significant inhibiting 
effects on cancer cell proliferation were confirmed. 

[0036] 

[Toxicity e va 1 v a t ion ] 

[0 037] 

T h e c a t e n a n e i n d i c a t e d b y t h e c ft c mica 1 f o r m u 1 a ( I ) w a s 
suspended in an aqueous solution of 0.25% CMC 
( Garboxymethyl.ee 1 lu lose ) , and a 20 mg /kg dose thereof was 
orally administered to app r ok ima tely 2 5~g male mice (two 
mice) Both mice still survived after one week of 

observation. , and no abnormal behavior was identified 
during the observation period. The mice also ingested 
about the same amount of food and water as normal mice. 
It was thereby confirmed that the catenane indicated by 
the chemical formula (1) has adequately low toxicity. 



WASMZU & ASSOCIATES (XO 1 04001 POT/ US) 



